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ASSOCIATION OF LENGTH OF SLEEP WITH DIETARY INTAKE AND WEIGHT IN 
THE KUOPIO ISCHAEMIC HEART DISEASE RISK FACTOR STUDY 
 
Normal sleep is important for human well-being and its loss can damage physical, cognitive 
and mental health. Average sleep length has decreased and the obesity incidence has 
simultaneously increased over the past 3-4 decades worldwide. Great deal of studies have 
suggested that inadequate sleep duration is a risk factor for metabolic syndrome, 
hypertension, obesity, cardiovascular disease (CVD), and type 2 diabetes.  
 
The aim of this study was to find out whether sleep duration is associated with dietary intake 
and weight in the Kuopio Ischaemic Heart Disease Risk Factor (KIHD) Study which is an 
ongoing prospective cohort study originally designed
 
to investigate risk factors for CVD. The 
subjects were 42-60 years old Finnish men living in the Kuopio city and its six neighboring 
rural communities. A total of 2682 randomly selected participants were enrolled, but only 851 
men had data on the variables needed and were included in the analyses. Baseline 
examinations were carried out between March 1984 and December 1989, with 4 and 11 years 
of follow-up. We examined the association between sleep time and nutrient intake and food 
consumption at baseline, as well as the association between length of sleep and waist 
circumference, weight and body mass index (BMI) at baseline, 4 years and 11 years of 
follow-up. 
 
According to sleep duration, differences in total energy intake (p=0.046), monounsaturated 
fatty acids (MUFA, p=0.026), vitamin D (p=0.011), and fish consumption (p=0.024), 
cigarettes smoked (p=0.002), maximal oxygen uptake (p=0.001), CVD (p=0.018), and 
systolic blood pressure (p=0.027) were identified. In the short sleepers (<7h) intake of MUFA 
was lowest, proportion of CVD and smokers were higher. Long sleeping (>8h) men 
consumed the greatest amounts of fish, MUFA, vitamin D, and the mean caloric intake was 
lowest. They also had lowest fitness level, suffered more often from CVD, and had higher 
systolic blood pressure. Men who slept 7-8 hours had lower intake of fish and vitamin D and 
highest energy intake, but also were of highest fitness level, experienced fewer CVD cases, 
had low blood pressure, and smoked (if at all) fewer cigarettes a day. The mean (±SD) BMI at 
baseline for short and long sleepers were high, 26.9±3.5 and 27.2±3.3, respectively. Normal 
sleeping men were leanest (BMI 26.4±3.1) compared with other two groups at baseline. 
However, length of sleep did not show long term effect on changes in weight, BMI and waist 
circumference. Our study adds evidence that short sleepers (and presumably long sleeper) 
may suffer from obesity and CVD more often and suggests that optimal BMI was associated 
with 7.5 hours of sleep.  
 
In addition to diet also sleeping habits should be emphasized as a part of any intervention 
program to prevent or treat obesity. 
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1 INTRODUCTION  
 
The obesity pandemic is a great public health burden worldwide because it brings a large 
number of chronic diseases, disabilities, reduces life quality and expectancy, puts a dramatic 
load onto the health and social care sectors, and wastes resources. It was estimated that direct 
and indirect cost of obesity in all European Union member countries was approximately 33 
billion Euros per year in 2002 (Hu 2008). 
 
Genetic and environmental factors predict obesity (Taheri 2006), but the causes of this 
pandemic cannot fully be explained by the changes in a lifestyle factors such as diet and 
decrease in physical activity; therefore, other factors may also be involved and so requires 
complex analyses and interventions for its effective control. For example, short length of 
sleep has been shown harmfully to effect metabolism, endocrine system and energy balance, 
to lead to the changes of nutritional behavior, to increase hunger and therefore the odds of 
gaining weight (Cappuccio et al. 2008, Chaput et al. 2007, Chaput et al. 2009, Gangwisch et 
al. 2005, Lopez-Garcia et al. 2008, Patel 2008, Schmid et al. 2008, Singh et al. 2005, Van 
Cauter & Knutson 2008). 
 
To have a positive effect on health, it is recommended for adults to engage in a healthy way 
of life: to avoid smoking and alcohol consumption, to eat adequate and balanced nutrition, to 
do moderate physical activity 5 times a week for 30 minutes, to keep the body mass index 
(BMI) between 18.5 and 25 kg/m
2
, to drink a sufficient amount of water, and to sleep 7 to 8 
hours per night (WHO 2004, Bonnet & Arand 2011). Intriguingly, it has been observed that 
average sleep time has fallen and the obesity incidence has increased over the past 3-4 
decades in developed and developing countries such as the USA (Van Cauter & Knutson 
2008, Stamatakis et al. 2007, Taheri et al. 2004), Canada (Chaput et al. 2008), Brazil (Moreno 
et al. 2006), Australia (Magee et al. 2010), China (Goh et al. 2007), Japan (Ohida et al. 2001),  
Spain (Lopez-Garcia et al. 2008), the Czech Republic (Adamkova et al. 2009), Germany 
(Thomas et al. 2009), and Finland (Fogelholm et al. 2007). In some of these countries, such as 
Finland, the decrease in sleep duration has not been very large so far (Kronholm et al. 2008); 
however, shorter sleep, physical inactivity, overeating and excess weight are already 
common. 
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In Finnish population based study, it has been found that older males have less and poorer  
quality sleep than females (Fogelholm et al. 2007, Hume et al. 1998, Kronholm et al. 2006) 
and, therefore, might be more vulnerable in terms of sleep interaction with overweight 
(Watanabe et al. 2010) and other chronic conditions. The relationship between sleep and 
weight gain has been investigated in some studies in Finland (Fogelholm et al. 2007, 
Tuomilehto et al. 2009), but to the best of my knowledge no study has been carried out about 
the influence of sleep time on nutritional behavior and weight gain in Finnish men. Therefore, 
I decided to investigate this association in the Kuopio Ischaemic Heart Disease Risk Factor 
(KIHD) study. 
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2 THEORETICAL BACKGROUND  
 
2.1 Sleep and its determinants 
 
Normal sleep is essential for well-being of humans; however, its purpose remains unclear for 
scientists. According to the brain activity, sleep has two main phases: nonrapid eye movement 
which has four subphases and rapid eye movement (Klockars & Porkka-Heiskanen 2009). 
The order of these phases creates sleep cycle of about 90 minutes and repeats three to five 
times a night and should maintain health; therefore has a great physiological and 
psychological importance. The findings that sleep is regulated homeostatically (Klockars & 
Porkka-Heiskanen 2009), like all essential functions for life, suggests that its loss is life 
threatening and its deprivation can damage mental, cognitive and physical health seriously. 
 
There is no single recommendation on sleep time for an average adult individual, because it is 
determined by basal sleep need and accompanied by age, gender, and sleep debt over a time, 
as well as individual need; therefore, it is believed that human beings should “approximately” 
sleep for 7 to 8 hours to maintain overall health (Bonnet & Arand 2011). In the reviewed 
studies about sleep association with ill-health and obesity short sleep has been defined as 
sleep duration of less than 7 hours and sleep duration of more than 8 hours as long sleep. 
However, for large number of statistical analyses less than 6 and more than 9 hours were also 
used to reveal stronger association. 
 
Data from 1972-2005 shows that average sleep time has decreased by 18 minutes among the 
adult Finnish population during these years (Kronholm et al. 2008). Currently, the average 
sleep time is 7.5 hours per night and so meets the recommendations. However, almost one out 
of three adult Finns sleep too much (13.5%) or too little (14.5%) (Kronholm et al. 2006). 
Given these frequencies and considering that the number of working middle-aged males with 
sleep problems is rising (Fogelholm et al. 2007, Kronholm et al. 2008), this is already a great 
public health concern. Sleep duration is determined by extensive list of aspects with genetic 
contribution (Partinen et al. 1983, Paunio et al. 2009) but only selected determinants of sleep 
length such as socioeconomic status, age, gender and geographic aspects will be described in 
detail in this work. 
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2.1.1 Socioeconomic status, way of life and mental health 
 
Individuals with lower socioeconomic status may have less favorable sleep environments, 
work longer hours, work on rotating or night shifts and, therefore, may have poor quality 
sleep (Hu 2008), which also predicts overall life dissatisfaction (Paunio et al. 2009). Sleep 
deprivation has been associated with low income (Lauderdale et al. 2006). Stamatakis and 
associates (2007) reported that in the USA short sleep duration is also more common among 
people with lower income and education levels, and especially among minority ethnic groups. 
Other large-scale epidemiological surveys in Asia have demonstrated that life in an urban 
area, unemployment, an unhealthy way of life (Ohida et al. 2001) and psychiatric problems 
(Xiang et al. 2009) also affect the sleep time. The Finnish Health 2000 Survey found that the 
main determinants of sleep length were physical activity and tiredness, sleep problems, 
marital status, occupation and gender (Kronholm et al. 2006). It was also found that sleep 
reduction closely associates with stress, bad life experiences and mental disorders such as 
depression and bipolar syndrome (Klockars & Porkka-Heiskanen 2009, Heslop et al. 2002, 
Vgontzas et al. 2008). Depression and low socioeconomic status potentially associate with 
long sleeping time too (Hu 2008). 
 
2.1.2 Age and gender 
 
Age and gender play a robust role in sleep time and metabolic regulation. Several studies (Hu 
2008, Gangwisch et al. 2005, Van Cauter & Knutson 2008, Stamatakis et al. 2007, Ohida et 
al. 2001, Adamkova et al. 2009, Stamatakis & Brownson 2008) have reported that the 
association between short sleep and obesity or other health outcomes is much stronger in 
younger subjects. However, another reports (Lopez-Garcia et al. 2008, Fogelholm et al. 2007, 
Tuomilehto et al. 2009, Xiang et al. 2009, Patel et al. 2008, Trenell et al. 2007) found that this 
association was significant in older age. It seems that the risk of disturbed sleep increases with 
ageing (Trenell et al. 2007) but there also seems to be stress related reduction of sleep hours 
in young individuals. 
 
Some studies have investigated the association between gender and sleeping problems. Ohida 
and colleagues (2001) reported that men have longer sleep time than women in 30,000 
Japanese subjects. Ohayon (2004) found the same results in a study merging over 8000 
subjects from Finland, France, Italy, Germany, Portugal, Spain and UK. However, other 
10 
 
research groups (Fogelholm et al. 2007, Kronholm et al. 2008, Hume et al. 1998) have found 
that middle-aged and elderly women have higher sleep quality and longer duration compared 
with similar aged men.  
 
Earlier studies in adults do not show consistent results regarding an association of sleep 
duration and different age groups and gender (Lopez-Garcia et al. 2008). However, Finnish 
men suffer from sleep problems more than Finnish women (Kronholm et al. 2006). 
 
2.1.3 High latitude and seasonality 
 
Finland is one of the northernmost countries of the equator. This results in particular climate, 
weather, seasonality and a need to use daylight saving time technique. Temperature changes 
(high in summer and low in winter) affect physiological status and functions, but in terms of 
psychological status, more important is daylight (long dark winter days and midnight sun), 
which may alter circadian rhythm and play a role in sleep pattern. It has been found that 
during winter nocturnal melatonin secretion was longer than in the summer (Klockars & 
Porkka-Heiskanen 2009) and so determined longer total sleep. 
 
Circadian rhythm is also affected by daylight saving time which is used in Finland to match 
between light hours and population’s activity hours. However, it has been reported that 
transition into daylight saving time may be disruptive to the circadian time-keeping system, 
especially in healthy young men who have short sleep (Lahti et al. 2006). 
 
2.1.4 Other causes and determinants 
 
In addition to the above mentioned determinants of sleep duration, there are also 
environmental (noise, temperature), dietary (alcohol, caffeine, supplements, too empty or too 
full stomach), behavioral (smoking, no or too high physical activity), pharmacological and 
medical (drugs, obesity, mental illnesses, inflammation, chronic pain) causes. According to 
the causes of the short sleep time, individuals can be classified to three main groups (Hu 
2008, Klockars & Porkka-Heiskanen 2009):  
 
1. individuals who are satisfied with sleep less than 7 hours and feel fully rested; 
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2. individuals who voluntary restrict their sleep because of willingness to spent more 
time on job (shifts), family (childcare) or recreation (TV, internet, traveling); 
3. individuals who want to but cannot sleep more because of sleep problems 
(insomnia). 
 
2.2 Diet, carbohydrate metabolism and obesity 
 
Many factors predispose to obesity, and they may involve genetic, environmental and other 
unknown factors. The risk of becoming overweight increases when energy input is larger than 
the energy output; therefore, the energy balance and its control is the key to understanding 
obesity. Any single dietary factor is unlikely to have a great effect on weight control, rather, 
many of them exert a modest effect on the body weight and both combined and cumulative 
effect of even small changes in energy intake may result in weight gain. 
 
2.2.1 Dietary intake in Finnish men 
 
A balanced diet includes proteins, carbohydrates, fats, water, vitamins and minerals in right 
proportions. The recommended intake of nutrients in the Nordic countries (Valtion 
ravitsemusneuvottelukunta 1998) and the actual intake among Finnish men are shown in 
Tables 1 and 2 (Terveyden ja hyvinvoinnin laitos 2008). I have chosen to represent 2002 
results against newest 2007 results, because it is more relevant in regard to the eating trends 
of 90s’ when the baseline data was collected for our study. 
 
Table 1. Mean daily intake of energy yielding nutrients and fiber among men aged 25-64 
years in Findiet 2002 study and Nordic Nutrition recommendations. 
Nutrient Findiet 2002 Recommendations 
Energy, kJ 9159 10000 
Protein, E% 16.3 10-15 
Carbohydrate, E% 45.6 55-60 
Sucrose, E% 9.1 <10 
Fiber g/1000 kJ 2.5 3 
Fat, E% 34.9 30 
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Table 2. Mean daily intake of vitamins and minerals among men aged 25-64 years in Findiet 
2002 study and Nordic Nutrition recommendations. 
Nutrient Findiet 2002 Recommendations 
Vitamins  
 
Vitamin A, g 1039 900 
Vitamin D, g 5.8 7.5 
Vitamin E, mg 11.8 10 
Folate, g 273 300 
Vitamin C, mg 91 60 
Minerals   
Sodium chloride, g 9,9 7 
Calcium, mg 1187 800 
Magnesium, mg 405 350 
Iron, mg 13.2 10 
Selenium, ug 79 50 
 
2.2.2 Dietary macronutrients and obesity 
 
On the chemical structure, carbohydrates are classified as simple or complex. Dietary 
recommendations promote higher consumption of the complex carbohydrates (starch) because 
they are digested and absorbed slower than the simple carbohydrates (sugars) and induce 
slower blood glucose response (Gibney 2004). Based on this response, three decades ago 
concept of dietary glycemic index was developed. It is measured by giving to ingest 50 grams 
of carbohydrate food and measuring blood glucose response in the first two hours. Then it is 
divided by the result of blood glucose response after intake of same amount of reference food 
(glucose) (Jenkins et al. 1981). It has been found that there is an association between 
consumption of high glycemic index foods/liquids and elevated subsequent hunger, energy 
intake, and increased BMI (Hu 2008). Low glycemic index dietary pattern has been shown to 
be accompanied with greater satiety via increase in cholecystokinin (Gibney 2004). Later the 
concept of glycemic load was also developed, which is calculated by multiplying the 
glycemic index by the grams of available carbohydrates (minus fiber) of the food and divided 
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by 100. It represents the quality and quantity of carbohydrates consumed (Salmeron et al. 
1997). 
 
Influence on energy intake, insulin and blood glucose responses is known to be affected by 
the amount of carbohydrates, their type and glycemic index, nature of starch, as well as 
cooking and food processing factors (Gibney 2004). Moreover, greater energy input may be 
driven by hidden desire for particular tastes and products. 
 
Excessive intake of sweet and fatty products seems to play a special role in a bidirectional 
interaction of high energy food desire and obesity. The secretion of endogenous opioids 
(Meiselman & MacFie 1997) or the desire for pleasure may be involved. It has also been 
found that fat preference is greater among obese individuals (Meiselman & MacFie 1997) 
than those with normal weight. 
 
Interestingly, it has been reported that fat and carbohydrate intake varies, while protein intake 
is relatively stable in humans over a range of cultural and socioeconomic circumstances 
(Meiselman &, MacFie 1997). Moreover, high protein diets have been shown to produce 
greater satiety, greater thermal effect and reduce total energy intake, than low protein diets 
(Hu 2008). Mentioned effects might have link to the calcium in food, because one of the main 
animal origin protein sources are dairy products, which are also a good source of calcium. 
Several studies have recently investigated the effect of dietary calcium and supplements on 
appetite and hunger regulation, energy balance and lipogenesis (Gilbert et al. 2011, Astrup et 
al. 2010, Major et al. 2009, Major et al. 2008). It seems that high but not exceeding safe upper 
level calcium diet may have inverse association with BMI (Chaput et al. 2009) and beneficial 
effect on insulin resistance, and type 2 diabetes (Hu 2008). 
 
A randomized parallel-design study of young adults who received energy restricted diet (low-
glycemic or low-fat) in the USA, have found that low-glycemic load diet was associated with 
higher insulin sensitivity and lower hungriness, and lower levels of C-reactive protein than 
low-fat dietary pattern (Pereira et al. 2004). High energy percentage from fat was blamed to 
predict obesity for many years; however, more effective seems to be reduction of glycemic 
load and carbohydrate intake restriction for long-term weight loss efforts (Hu 2008, Pereira et 
al. 2004). Despite that, carbohydrates, especially glucose, are needed because it is a primal 
short-term fuel. 
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2.2.3 Carbohydrate metabolism and insulin resistance 
 
Chemical and neural regulation takes part in glucose metabolism. While carbohydrates are 
digested and absorbed, blood glucose level rises (hyperglycemia) and insulin secretion is 
induced to help keeping glucose levels toward normal. Hormones such as thyroxin and 
somatostatin (via insulin release) also lower blood glucose. When carbohydrate intake is 
higher than their actual need, excess glucose is stored in the form of glycogen in the muscle 
tissue and liver via glycogenesis, and metabolized to triglycerides for long-term storage in the 
adipose tissue (Mader 1998). 
 
In the state of hypoglycemia between meals, after high physical activity or in the case of 
infection, insulin induces glucose uptake from muscle and adipose storages and so releases 
energy for cell use. Glucagon rises and acts in the degradation and conversion of glycogen to 
glucose. Glucose can also be generated from glucogenic amino acids in liver. Glycogenolysis 
and gluconeogenesis, as well as hormones cortisol, epinephrine, growth hormone and 
somatostatin, are essential in glucose elevation back to normal. 
 
Insulin resistance or impaired glucose tolerance can be diagnosed when insulin secretion 
and/or performance is defected and so glucose disposal falls; moreover, insulin resistance 
increases likelihood to develop type 2 diabetes mellitus (Tuomilehto et al. 2009). It has been 
shown that insulin resistance may be caused by physical inactivity, sedentary lifestyle, and 
Western dietary pattern with excess energy intake, high fat and high carbohydrate intake, 
especially from refined grains, (Gibney 2004) and short sleep (Scheen 1999). Study in young 
adult monozygotic twins (N=14 pairs) revealed that insulin resistance is associated with 
obesity, independent of genetic influences (Pietilainen et al. 2007). Hence, insulin sensitivity 
can be improved through improved diet, lifestyle and presumably sleep. 
 
2.3 Sleep and obesity 
 
It has been studied that insufficient sleep may relate with poor general health (Ohida et al. 
2001), lead to vulnerability to stress, increased likelihood to develop mood disorders and 
anxiety (Klockars & Porkka-Heiskanen 2009). Moreover, short sleep duration has been found 
to relate with particular clinical and subclinical conditions, and weight gain. Changes in 
length of sleep may directly or indirectly lay a foundation for obesity, which can consequently 
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affect changes in sleep, also directly or indirectly. Great deal of publications have reported 
that insufficient sleep tends to lead to weight gain via increase of hunger and appetite, 
changes in eating behavior, decline in energy expenditure, and more time available for eating, 
but results have not been consistent (Adamkova et al. 2009, Cappuccio et al. 2008, Chaput et 
al. 2007, Chaput et al. 2008, Chaput et al. 2009, Fogelholm et al. 2007, Gangwisch et al. 
2005, Hall et al. 2008, Hu 2008, Moreno et al. 2006, Nedeltcheva et al. 2009, Nielsen et al. 
2010, Patel & Hu 2008, Schmid et al. 2008, Singh et al. 2005, Spiegel et al. 2004, Taheri et al. 
2004, Taheri 2006, Trenell et al. 2007, Van Cauter & Knutson 2008, Vgontzas et al. 2008, 
Watanabe et al. 2010). Findings in the interaction between long sleep duration and fat gain are 
even more mixed. Thus, it should be also noted that similar to physical inactivity, inadequate 
diet and smoking, sleep length is a potentially modifiable risk factor. 
 
2.3.1 Low grade inflammation in relation to length of sleep and obesity 
 
The pro-inflammatory and anti-inflammatory cytokines are known to regulate immune 
response in organism. The pro-inflammatory cytokines promotes systemic inflammation and 
major examples are interleukin (IL) -6, IL-7, IL-18. The anti-inflammatory cytokines are 
immunoregulatory molecules that control the pro-inflammatory cytokine response and major 
examples are IL-1 receptor antagonist, IL-4, IL-10, IL-11, and IL-13 (Opal & DePalo 2000). 
The pro-inflammatory cytokine IL-6 in addition to C-reactive protein are the most common 
markers of immunological response in the body and are synthesized in liver, and measured 
from blood.  
 
It has been reported that short sleep and also long sleep elevate C-reactive protein 
(Tuomilehto et al. 2009) and initiate pro-inflammatory processes. Moreover, in animal 
experiments it has also been found that short length of sleep interferes with the normal 
immune system functioning and it may fail (Klockars & Porkka-Heiskanen 2009). On the 
other hand, it is known that immune mediators itself and metabolism disturbances such as 
obesity lead to immune system alteration and also result in subclinical inflammation 
(Pietilainen et al. 2007, Warnberg et al. 2004). Inflammation further disturbs glucose 
homeostasis causing insulin resistance (Warnberg et al. 2004, Torres-Leal et al. 2010) and, as 
it was mentioned earlier, may lead to development of type 2 diabetes mellitus (Tuomilehto et 
al. 2009). 
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The pro-inflammatory cytokine IL-6 and C-reactive protein have been found to be higher 
(Warnberg et al. 2004, Torres-Leal et al. 2010, Gauthier et al. 2011) and anti-inflammatory 
cytokine IL-10 lower (Esposito et al. 2003) in overweight and obese individuals. Therefore, it 
could indicate that obesity, as well as insulin resistance and type 2 diabetes mellitus, may be 
states of chronic, low-grade inflammations. It has been reported that the resistance to the anti-
inflammatory actions of insulin would result in elevated levels of pro-inflammatory cytokines 
leading in persistent low-grade inflammation (Esposito & Giugliano 2004). Interestingly, 
individuals with impaired glucose tolerance were more likely to develop type 2 diabetes 
mellitus if they had higher C-reactive protein level in the Finnish Diabetes Prevention Study 
(Herder et al. 2006). 
 
It has been reported that reduction in inflammation could be achieved by weight lose, physical 
activity and diet approach, which is low-glycemic, high in fiber from fruits, vegetables, whole 
grains, nuts, low in refined grains, saturated and trans-fatty acids and sufficient in omega-3 
fatty acids and natural antioxidants, in other words Mediterranean diet (Giugliano et al. 2006, 
Herder et al. 2006, Herder et al. 2009, Pereira et al. 2004, Tuomilehto et al. 2009). It has been 
found that caloric restriction both in humans and animals leads to the elevation of adiponectin 
which has anti-inflammatory capacity; therefore, inhibits inflammation in obese individuals 
(Reis et al. 2010). The Finnish Diabetes Prevention Study has shown a decline of C-reactive 
protein by 0.27 mg/l for each kilogram of weight loss (Herder et al. 2009).  
 
However, there is a hypothesis to refute these findings. Main food components such as 
vegetables and fruits which are responsible for favorable effects on health remain undefined 
in relation to inflammation and other risks reduction (Pelucchi et al. 2009). Furthermore, 
results on low glycemic, weight reducing and anti-inflammatory diet have not been consistent. 
Healthy diet encourages consumption of cereals, however, only whole grain ready-to-eat 
cereals, not refined grain cereals, have been inversely associated with adiposity (Kosti et al. 
2010). 
 
The evidence indicates that both sleep length and obesity are associated with subclinical 
inflammation. Regardless what causes, inflammation in the body activates immune system 
and pro-inflammatory cytokines increase sleep duration (Hu 2008, Tuomilehto et al. 2009). It 
could be hypothesized that maybe not the short, neither the long sleep duration is associated 
with weight gain, but maybe the elevated BMI results in longer hours of sleep via induced 
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inflammatory circumstances. However, individuals following mentioned diet, engaging in 
moderate physical activity on the leisure time, lowering body weight, and sleeping 
recommended 7-8 hours could have lower risk of a number of chronic diseases. 
 
2.3.2 Sleep, obesity and other chronic diseases 
 
A notable dose-response association between short sleep length, metabolic disturbance and 
weight gain has been reported (Taheri 2006). It has been found that sleep duration and BMI 
have a linear negative (Gangwisch et al. 2005) or a U-shaped association (Taheri et al. 2004). 
Importantly, it has been shown that both short sleepers (Cappuccio et al. 2008, Fogelholm et 
al. 2007, Klockars & Porkka-Heiskanen 2009, Moreno et al. 2006, Nishiura et al. 2010) and 
long sleepers suffer from overweight (Chaput et al. 2008, Gangwisch et al. 2005, Hu 2008, 
Tuomilehto et al. 2009). 
 
In the Quebec Family Study, both cross-sectional (n = 537) and longitudinal designs (n = 283; 
6-year follow-up period) in adult participants (aged 18–64 years) were used in order to 
examine several risk factors for overweight and obesity (Chaput et al. 2008, Chaput et al. 
2009). After adjustment for age and socio-economic status, it was found that sleep 
deprivation, food overconsumption in response to cognitive or emotional cues, and low 
dietary calcium intake were significantly associated with higher BMI in both sexes in both 
study settings. Moreover, in 6 years follow-up period those who slept too little and too much 
were 35% and 25% more likely to put a 5-kg weight on, respectively, when compared with 
those who slept average time. 
 
Data from large, Scottish study examinations in 1970-1973 with repeated measures after 4-7 
years in working man and women aged 35-64 is in line and reveal that men with short sleep 
were more vulnerable to weight gain, because their BMI was 0.3 kg/m
2
 greater than of middle 
range sleepers. However, among women sleep length and obesity were not associated at all 
(Heslop et al. 2002). 
 
There is evidence to suggest that there might be optimal sleep duration for healthy living and 
weight control. A longitudinal (8073 and 6981 subjects) and cross-sectional (9588 subjects) 
analyses using The National Health and Nutrition Examination Survey data in the USA found 
that every extra hour towards the recommended length of sleep reduces BMI (Gangwisch et 
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al. 2005). A meta-analysis by Cappuccio and associates (2008) reported that pooled 
regression coefficient was 0.35 unit increase in BMI per lost hour of sleep. This means that an 
average Finn who is 178 cm tall would approximately gain 1.4 kg weight a year only because 
of insufficient sleep duration. Several studies (Adamkova et al. 2009, Nedeltcheva et al. 2009, 
Taheri et al. 2004) have shown that 7-7.7 hour sleep is associated with lower adiposity and 
BMI than more or less sleep. These findings further support the idea that sleep reduction to 
less than 7 hours is obviously independent and strong risk factor for weight gain (Magee et al. 
2010). 
 
While great number of studies has suggested that the impact of sleep deprivation on weight 
gain is robust and definite, other studies provided evidence to the contrary. It has been shown 
that higher BMI is not more common among short- and/or long sleepers (Marshall et al. 2008, 
Nielsen et al. 2010, Ohayon 2004, Vgontzas et al. 2008, Xiang et al. 2009). In one study, 
sleeping less than 5 hours and sleeping 8-9 hours daily was linked to overweight, whereas 
sleeping more than 10 hours was not (Lopez-Garcia et al. 2008). In another study, more than 
9 hours sleep was associated with decreased likelihood for abdominal overweight (Fogelholm 
et al. 2007). It has also been reported that short sleeping time did not interact with elevated 
BMI, but 9 and more hour sleep was associated with underweight (Ohayon 2004). Therefore, 
the association between sleep length and weight gain remains essential, however, unclear. 
 
There is evidence that short sleepers from case-control study of 1455 non-diabetic subjects 
were at three fold greater risk to develop insulin resistance (Rafalson et al. 2010). In addition 
to insulin resistance, it has also been reported that inadequate and excessive sleep increases 
morbidity, mortality and risk of chronic conditions like metabolic syndrome, type 2 diabetes, 
cardio-metabolic risk (Hall et al. 2008, Klockars & Porkka-Heiskanen 2009, Singh et al. 
2005, Taheri 2006, Trenell et al. 2007, Tuomilehto et al. 2009), coronary heart disease, and 
hypertension (Klockars & Porkka-Heiskanen 2009, Kronholm et al. 2009, Marshall et al. 
2008, Scheen 1999, Youngsted &, Kripke 2004). Reduced cognitive functioning (Kronholm 
et al. 2009), and infections (Klockars & Porkka-Heiskanen 2009) seem to have a link with 
sleep duration as well. 
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2.3.3 Sleep and neuroendocrine control of dietary intake 
 
During sleep, neuroendocrine regulation proceeds and metabolism is altered possibly due to 
increased activity of the sympathetic nervous system (Taheri 2006). Chronic sleep loss and 
weight gain interact (Adamkova et al. 2009), but the mechanism is unknown. It is suggested 
that metabolic hormones may be involved. 
 
There are few hormones involved in appetite and hunger regulation, such as ghrelin which is 
known as the orexigenic hormone and promotes hunger and is released by stomach cells; 
leptin, the anorexigenic hormone which suppresses appetite, induces satiety and is released by 
adipocytes, and neuropeptide Y, which regulates energy balance and body weight (Zhang et 
al. 2011). Surprisingly, inadequate sleep tends to decrease glucose tolerance, insulin 
sensitivity and levels of leptin, and increase levels of ghrelin (Chaput et al. 2007, Gangwisch 
et al. 2005, Schmid et al. 2008, Spiegel et al. 2004, Taheri et al. 2004, Van Cauter & Knutson 
2008). These hormonal changes can trigger hunger and stimulate eating. Low leptin levels 
have much more power than higher levels (Taheri 2006); therefore, humans are more 
sensitive to hunger signals than to satiety signals. 
 
Obstructive sleep apnea is a condition characterized by repetitive breathing disturbances and 
poor sleep quality. Researchers have found that patients with obstructive sleep apnea 
syndrome have elevated levels of leptin and neuropeptide Y (Barcelo et al. 2005). Barcelo and 
colleagues found that positive airway pressure therapy helps to reduce neuropeptide Y among 
both obese and non-obese subjects. However, leptin can be reduced only in non-obese people, 
probably because this hormone, as well as insulin resistance, is elevated by adiposity 
(Pietilainen et al. 2007) and has bidirectional association with it. Therefore, impaired glucose 
tolerance may also encourage weight gain. However, there is a vicious cycle because 
adiposity may cause hypoventilation or obstructive sleep apnea syndromes (Klockars & 
Porkka-Heiskanen 2009, Peppard et al. 2009) and other comorbidities (congestive heart 
disease, asthma, arthritis, gastroenterological problems), which all commonly disrupt sleep 
quality and quantity, and may lead to insomnia and the further weight increase. This may be 
an answer why some overweight and obese people report shorter sleep duration than those 
with a normal weight and waist circumference (Cappuccio et al. 2008, Fogelholm et al. 2007, 
Vorona et al. 2005). 
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A laboratory trial with a randomized cross-over design in 12 normal, young Germans was 
carried out to observe the effect of lack of sleep, and found a more than 70% increase in the 
ghrelin-to-leptin ratio (hunger-to-satiety) after two days of restricted sleep (Spiegel et al. 
2004). The men reported an elevation in hunger by 23% which mainly could be explained by 
the hormone ratios. Study subjects also reported a more than 30% increase in desire for 
calorie-dense foods, such as cake and potatoes. Moreover, increased hunger resulted in their 
consumption of an additional 350–500 kcal per day. Intriguingly, Nedeltcheva and colleagues 
(2009) failed to find significant changes in ghrelin and leptin concentrations in middle-aged 
volunteers in sleep experiments, which compared effect of sleep length on their diet in 2 
weeks of prolong sleep and 2 weeks of restricted sleep. 
 
Misbalance in the hormones explains the heavy neuroendocrine control of food consumption 
and desire for lipid-rich, energy dense food which have been reported in Wisconsin Sleep 
Cohort Study with 1024 volunteers (Taheri et al. 2004) and several other studies (Cappuccio 
et al. 2008, Taheri 2006, Trenell et al. 2007). 
 
Figure 1 summarizes the effect of short sleep duration on elevated BMI via hormonal 
changes, long day time and fatigue. As can be seen from the figure, people who suffer from 
habitual sleep deprivation, first of all have abnormal hormonal balance. Elevated ghrelin 
results in maximized hunger, insufficient level of leptin results in weak suppression of 
appetite and low stimulation of fullness. Short sleep duration also contributes to the 
development of impaired glucose tolerance and insulin resistance and manifests in increased 
adiposity. As part of this figure, it has been found that less than 6 hours sleep, is accompanied 
by lower levels of sex hormone testosterone and increased likelihood for being more obese 
(Goh et al. 2007). 
 
A longer exposure to palatable foods and snacks, and the greater opportunity to consume 
(Patel & Hu 2008) also associate in the pathway. This naturally has negative effects on the 
quality of their diet: proportions of nutrients and total energy intake (Nedeltcheva et al. 2009). 
 
On the other hand, individuals who have not slept long enough to fulfill their physiological 
needs, have daytime sleepiness, are tired (Patel & Hu 2008), and are physically inactive 
(Fogelholm et al. 2007, Vgontzas et al. 2008), so their energy expenditure is low (Taheri et al. 
2004). Furthermore, short sleepers are also more likely to purchase ready meals and/or fast 
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food instead of cooking healthy food (Nishiura et al. 2010, Stamatakis et al.2007, Vgontzas et 
al. 2008) and their intake of total fat, saturated fatty acids, salt and sucrose rises. Even small 
increases in daily energy intake are unfavorable for weight control. More important findings 
about short sleep effects on dietary pattern will be addressed in the following section. 
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2.3.4 Eating habits affected by length of sleep 
 
Importantly, acute sleep deprivation is linked with increased ghrelin and so with acute 
regulation of hunger and determination of eating habits; however, chronic sleep loss has a 
stronger link with decreased leptin (Taheri et al. 2004) and seemingly causes elevated appetite 
and poor long-term nutritional habits. It has been found that sleep time of less than 7-7.7 
hours can have harmful effects and is associated with chaotic eating regime, low intake of 
fruit and vegetable, high intake of fat and sugar, more frequent snacking and consumption of 
fast and “comfort” foods (Kim et al. 2011, Moreno et al. 2006, Nedeltcheva et al. 2009, 
Nishiura et al. 2010, Stamatakis et al. 2007, Tuomilehto et al. 2009, Vgontzas et al. 2008). 
 
In a sleep experiment, it has been proven that sleep deprivation has a negative impact on 
participants overall dietary profile and increases unhealthy behavior, such as excessive energy 
intake from snacks not meals, and macronutrient content changed as follows: carbohydrates 
from 53% to 64,5 %, fat from 33% to 29,6%, protein from 13,9% to 5,9% (Nedeltcheva et al. 
2009).  
 
Recent prospective cohort study of women aged 35 to 74 years in the USA and Puerto Rico 
have reported concordant results that 6 hour sleepers (and more than 10 hour sleepers) have 
common dietary pattern with high fat and sugar intake from snacking, low intake of fruits and 
vegetables and no habitual main meal regime (Kim et al. 2011). Short sleep length seems to 
associate not only with fatty food preference, but also with skipping breakfast, and eating out 
in longitudinal study of middle-aged nonobese Japanese man (Nishiura et al. 2010). Short 
sleepers from Finnish Diabetes Prevention Study appeared to have higher dietary fat intake 
than average and long sleepers (Tuomilehto et al. 2009). A study of Brazilian truck drivers 
supports the evidence about unhealthy eating behavior; it has been reported that too little 
sleep and being older than 40 years are associated with hypercholesterolemia and 
hyperglycemia (Moreno et al. 2006).  
 
It is natural that people who suffer from sleep deprivation tend to fight against daytime 
fatigue with drinking more coffee and probably alcohol in the night in order to relax and to 
induce sleepiness. Vgontzas and colleagues (2008) have shown that sleep deprivation is 
associated with higher intake of “comfort” food and alcohol, as well as engagement in other 
unhealthy behavior like smoking and avoiding physical activity. Short sleepers (< 6 hours) are 
24 
 
more likely to use tobacco and alcohol in order to try to reduce stress and improve their sleep 
but it has also been reported that long sleepers are heavier alcohol consumers and smokers 
compared to those who slept less (Tuomilehto et al. 2009). It seems that emotional chronic 
stress may be the primal element in this vicious cycle at least among sufferers from sleep 
deprivation. 
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3 AIMS OF THE STUDY 
 
The purpose of this study was to find out whether length of sleep is associated with eating 
habits, BMI, weight and waist circumference.  
 
Specific objectives are: 
1. to examine the association between length of sleep and nutrient intake and food 
consumption of the KIHD study subjects; 
2. to investigate the association between length of sleep and BMI, weight and waist 
circumference at baseline, 4 year and 11 year follow-up the KIHD study. 
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4 SUBJECTS AND METHODS 
 
4.1 Subjects 
 
The Kuopio Ischaemic Heart Disease Risk Factor (KIHD) study is an ongoing prospective 
population-based cohort study designed
 
to investigate risk factors for cardiovascular disease
 
and related outcomes in middle-aged men from eastern Finland (Salonen 1988). The study 
population is a random sample of men living in the Kuopio city and its six neighboring rural 
communities, stratified and balanced into four strata: 42 (n=334), 48 (n=356), 54 (n=1589), 
and 60 (n=398) years at the baseline examination (Lynch et al. 1997). A total of 2682 
participants (82.9 % those eligible), were enrolled in the study and examined between March 
1984 and December 1989. The 4-year follow-up examinations for the KIHD study were 
carried out from 1991 to 1993 for 1038 men. The 11-year follow-up examinations for 854 
men were carried out from 1998 to 2001. 
 
Ethical considerations. Ethical permission for study protocol was given from the Research 
Ethics Committee
 
of the University of Kuopio. Study subjects were fully informed about all 
study procedures and informed consent were obtained. Confidentiality of all collected and 
archived data was ensured. 
 
4.2 Methods 
 
4.2.1 Sleep length measurements 
 
Information about length of sleep was collected at baseline. The question “How many hours 
do you sleep a night?” was included in the questionnaire. Subjects had to choose the closest to 
the habitual sleep option from following: <6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10 and more hours. 
Time spent sleeping was categorized into three categories. According to widely used 
“normal” sleep recommendation for adults (WHO 2004, Bonnet & Arand 2011), short 
sleepers were defined as those who slept 6.5 hours or less, normal sleepers group was those 
who slept 7-8 hours, and long sleepers defined as those who slept 8.5 hours or more. 
 
27 
 
4.2.2 Assessment of dietary intake of nutrients 
 
Nutrient and food intake data were used from the KIHD study baseline examinations. Dietary 
intake was assessed with instructed, self-administrated four day food record by household 
measures. Alcohol intake was assessed by alcohol questionnaire. Participants were instructed 
by nutritionist who later also checked the records. Intake
 
of nutrients were calculated and 
mainly analyzed in the 1990s by use of Nutrica version 2.5 software which was developed at 
the Research Center of the Social Insurance
 
Institution of Finland. The software uses mainly 
Finnish values for nutrient composition of
 
foods and takes into account food preparation 
losses of vitamins.  
 
Daily energy requirements differ among subjects mainly depending on their weight and 
physical activity level; therefore, these differences were taken into account and energy 
yielding nutrients were adjusted for energy intake as energy percentages using residual 
method (Willett 1998). The residuals were
 
standardized by the mean nutrient intake of a 
subject consuming
 
10 MJ/d, the approximate average total energy intake in the
 
present study 
sample.  
 
The average daily glycemic load value was calculated by summing the glycemic load values 
of carbohydrate containing foods for each day and calculating the average of 4-day. The 
average daily glycemic index was calculated from the glycemic load values by dividing the 
average glycemic load value of the diet by the average daily intake of carbohydrates (Mursu 
et al. 2011). 
 
4.2.3 Anthropometric measurements 
 
Anthropometric measurements were carried out by specially trained study nurses in Research 
Institute of Public Health at University of Kuopio. Weight, height and waist circumference 
data were used from the KIHD study at baseline, 4 year and 11 year measurements. BMI was 
calculated as body weight divided by height squared (kg/m
2
) and it was categorized into 
normal weight males with BMI lowest through 24.99 kg/m
2
, over-weight men with BMI 25 
through 29.99 kg/m
2
, and obese men with BMI 30 kg/m
2
 through highest (WHO 1995). Waist 
circumference was handled as continuous and as categorized variable. According to WHO 
guidelines, categories were as follows; normal waist circumference was defined as <94 cm, 
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moderately large as 94-101 cm, and large as >101cm in men (WHO, 2000). Changes in BMI, 
weight and waist circumference among different length of sleep groups were assessed in three 
time points: baseline, 4- and 11- years of follow-up. 
 
4.2.4 Other variables 
 
Cardiorespiratory fitness was assessed with a maximal exercise-tolerance test on electrically 
braked bicycle ergometers (Tunturi EL 400 and Medical Fitness Equipment 400 L). Men were 
tested with a three-minute warm-up at 50 W followed by a step-by-step increase in the 
workload by 20 W per minute, later only with a linear increase in the workload by 20 W per 
minute. Respiratory gas exchange was measured with analyzers Mijnhardt Oxycon 4 and 
MGC 2001. Maximal oxygen uptake was defined as the highest value for or the plateau in 
oxygen uptake (Lakka et al. 1994). 
 
Age, socioeconomic status indicators, use of tobacco, type 2 diabetes mellitus, history of 
cardiovascular disease, systolic and diastolic blood pressure data were used from the KIHD 
baseline information. 
 
Socioeconomic status was assessed with the self-administered
 
questionnaire. Summary
 
index 
that combined measures of income, education, occupation,
 
occupational prestige, material 
standard of living, and housing
 
conditions was produced. The higher is this index, the lower
 
actual socioeconomic status of subjects. 
 
Smoking was assessed with the self-administered questionnaire. The participants were 
classified into three categories according to their answers. Smokers were classified as those 
who had smoked regularly for ≥1 year and had smoked during the previous month. Ex-
smokers were those who had smoked regularly but had quit ≥1 month before the survey, and 
never smokers were those who had never smoked regularly. To give more details about men’s 
smoking pattern a number of cigarettes smoked per day multiplied by packs per year are also 
provided. 
 
Diabetes was defined as either a previous diagnosis
 
of diabetes or fasting whole-blood glucose 
concentration 6.7 mmol/L. Systolic blood pressure was measured six times with five minute 
intervals (resting, in subine position, standing and sitting) using the mercury 
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sphygmomanometer and the mean value was used in this research. History of cardiovascular 
diseases was recorded by self-administered questionnaire, checked by interviewer and re-
interviewed by physician regarding medical history (Salonen et al. 1991). 
 
4.3 Statistical analyses 
 
Quantitative statistical data analysis was performed by software SPSS for Windows version 
16.0 (IBM). Kolmogorov-Smirnov test was used to check if variables follow normal 
distribution. Descriptive statistic (frequencies, cross-tabulation) methods were used to 
describe baseline characteristics of the participants. According to the length of sleep, subjects 
were classified into three groups and examined variables were expressed as means ± SD. 
 
One-way analysis of variance (ANOVA) test was used to examine the association of sleeping 
groups and general baseline characteristics, dietary factors, and anthropometric 
measurements. Post hoc pair-wise multiple comparisons test (LSD) was used to determine 
pair-wise differences between the groups if the overall ANOVA test was significant. To 
compare means of weight, waist circumference and BMI of different sleeping groups in the 
follow-up, repeated-measures ANOVA test was used with adjustment for age. Differences 
with P-values of <0.05 were regarded as statistically significant. 
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5 RESULTS  
 
5.1 Length of sleep and baseline characteristics 
 
Figure 2 presents sleep duration distribution among the KIHD study subjects at baseline. 
Average sleep time was 7.38 hours (7 hours and 23 minutes). One out of five men (19.7%) 
slept 6.5 hours or less, one out of ten (11%) slept 8.5 hours or more; however, majority 
(69.3%) of the men slept recommended time (7-8 hours). 
 
 
Figure 2. Distribution of length of sleep, % (n=851). 
 
The results obtained from the analysis of baseline characteristics of the KIHD study 
participants are presented in Table 3. The short sleeper men were more often smokers than 
men in the other two groups. It can be also seen that long sleeper group had higher systolic 
blood pressure, more often had a history of cardiovascular diseases, and had lowest fitness 
level. The highest figures of physical activity and energy expenditure, lower systolic blood 
pressure and less cardiovascular diseases were observed among men who slept 7-8 hours on 
average. 
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Table 3. General baseline characteristics according to length of sleep. 
 Length of sleep  
General characteristics <7 h 7-8 h >8 h p-value* 
n 168 590 93  
Age, years 51.2±6.5 51.4±6.8 51.8±6.7 0.755 
 
SES 
    
Adult SES index 8.4±4.4 7.8±4.3 8.8±4.4 0.444 
Education, y 9.2±3.3 9.6±3.7 9.2±3.3 0.363 
White collar work, % 19.6 70.9 9.4 0.412 
 
Tobacco and alcohol 
    
Current smoker, % 36.9 25.8 24.7 0.014 
Cigarettes/day *pack/year 191±311 106±247 126±291 0.002 
Alcohol, g /week 80±118 68±105 76±112 0.426 
 
Fitness 
    
Maximal oxygen uptake, 
ml/kg/min 
31.2±8.0 32.9±8.2 28.7±7.9 0.001 
 
Chronic diseases 
    
Diabetes, % 1.8 3.4 3.2 0.564 
CVD history, % 38.1 29.3 40.9 0.018 
SBP, mmHg 132±16 130±15 134±17 0.027 
DBP, mmHg 88±11 87±10 89±10 0.132 
Data are means ± SD unless stated otherwise. * P-value for a difference among sleeping 
groups from the ANOVA or from chi-squared test.  
BMI – body mass index, SES – socioeconomic status, CVD – cardiovascular disease, SBP – 
systolic blood pressure, DBP – diastolic blood pressure. 
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5.2 Length of sleep and dietary intake of nutrients and foods 
 
The association of sleep duration groups with dietary intake of nutrients, particular food 
groups and drinks are provided in Tables 4 and 5. 
 
Table 4. Mean energy-adjusted daily nutrient intake and glycemic load according to length of 
sleep in baseline of the KIHD study. 
 Length of sleep  
Characteristics <7 h (n=167) 7-8 h (n=586) >8 h (n=92) p-value* 
Energy, kJ 9930±2977 10272±2555 9623±2283 0.046 
Protein, E% 16.0±3.2 15.7±2.4 15.8±2.4 0.483 
Carbohydrates, E% 43.5±7.4 43.6±6.8 43.0±7.9 0.763 
Sucrose, E% 35.7±6.5 35.8±6.0 35.6±6.2 0.956 
Fat, E% 37.0±6.9 37.0±6.1 38.5±6.8 0.109 
SAFA, E% 16.6±4.5 16.6±3.8 17.1±4.7 0.473 
MUFA, E% 11.5±2.3 11.6±2.3 12.3±2.4 0.026 
PUFA, E% 4.7±1.3 4.8±1.3 5.0±1.5 0.137 
Cholesterol, mg 380±121 368±110 376±113 0.386 
Fibre, g/1000kJ 2.52 2.53 2.70 0.821 
Vitamin D, g 7.8 ± 8.8 7.0 ± 5.6 9.2 ± 8.3 0.011 
Folate, g 256±64 265±63 251±54 0.055 
Calcium, mg 1184±421 1156±372 1096±388 0.213 
Glycemic load 142.7±32.8 143.2±34.0 140.3±31.3 0.738 
Data are means ± SD. * P-value for a difference among sleeping groups from the ANOVA. 
SAFA – saturated fatty acids, MUFA – monounsaturated fatty acids, PUFA – polyunsaturated 
fatty acids. 
 
The men who slept 7-8 hours reported higher caloric intake compared to the other sleep 
groups (p=0.027 between normal sleep group and those who slept more than 8 hours). There 
were also significant differences in the intake of MUFA (p=0.041 between short versus long 
sleepers and 0.028 between normal versus long sleepers), vitamin D (p=0.004 between 
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normal and long sleepers), and folate (p=0.040 between normal and long sleepers) among the 
groups. 
 
The next table shows that there was a different pattern in fish consumption, which was greater 
among long sleepers (p=0.006 and p=0.042 compared to normal and short sleepers, 
respectively).  
 
Table 5. Mean daily food group and caffeinated drink consumption according to length of 
sleep. 
 Length of sleep  
Characteristics <7 h (n=167) 7-8 h (n=586) >8 h (n=92) p-value* 
Fruits and berries, g 171±163 177±147 152±140 0.301 
Vegetables, g 272±128 296±137 294±119 0.120 
Cereals, g 263±114 270±95 251±112 0.211 
Whole grain, g 155±86 166±81 156±97 0.259 
Rye products, g 116±83 118±75 117±99 0.969 
Rice, g 12±16 12±16 8±14 0.080 
Potatoes, g 144±83 151±82 166±80 0.120 
Milk products, g 546±341 575±348 596±372 0.493 
Meat, g 165±85 178±96 163±69 0.133 
Pork and poultry, g 38±37 37±40 44±41 0.232 
Beef, g 61±47 69±52 60±50 0.106 
Fish, g 45±57 43±51 59±61 0.024 
Egg, g 34±30 31±24 30±23 0.366 
Coffee, ml 594±357 552±277 561±288 0.268 
Tea, ml 101±186 119±200 105±177 0.513 
Sugar and sweets, g 34±21 36±24 34±28 0.730 
Data are means ± SD. * p-value for a difference among sleeping groups from the ANOVA. 
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5.3 Length of sleep and anthropometric measurements 
 
5.3.1 Length of sleep and BMI 
 
The mean (±SD) BMI in the study population was 26.6 (±3.2) kg/m2, BMI ranged from 19.2 
to 38.6 and the mean value was 26.9±3.5 for short sleep group, 26.4±3.1 for normal sleep 
group, and 27.2±3.3 for long sleep group. There was a difference in the mean BMI between 
the different sleeping groups (p=0.033); normal versus short sleepers p=0.049 and same group 
versus long sleepers p=0.041.  
 
Categorized BMI distribution among three sleeping groups is presented below (Figure 3). It 
can be seen that there might be differences in BMI distribution among given sleep categories, 
because BMI gradually raises in men both who suffered from sleep deprivation and who slept 
more hours than recommended; however, difference is not significant (p=0.201). 
 
Figure 3. BMI categories among different sleeping groups, % (n=849).  
 
The histogram (Figure 4) indicates the sleeping time distribution and mean BMI values in the 
study population at baseline. From the figure it can be seen that mean BMI varied from 26.9 
to 27.1 in the short sleeper group, from 26.2 to 26.7 in normal sleepers and from 26.6 to 30.7 
in long sleepers. 
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Figure 4. Distribution of length of sleep and mean BMI in baseline (n=851). 
 
Correlation between BMI and length of sleep (both variables continuous) reported by men 
was very weak and statistically insignificant (r=0.035, p=0.306). 
 
5.3.2 Length of sleep and weight 
 
Participant weight ranged from 47.3 to 132.1 kilograms and the overall mean weight was 80.5 
± 11.4 kilograms. The mean weight (and waist circumference) distribution according length 
of sleep in the study population at baseline is presented in the following figure (Figure 5) and 
according to the sleeping group is presented in Table 6. Correlation coefficient for the 
association between weight and total hours participants slept was 0.025 (p=0.470). 
 
5.3.3 Length of sleep and waist circumference 
 
The mean waist circumference of men participating in the KIHD study was 89.7 ± 9.2 cm and 
it ranged from 67.0 to 124.0 cm. The mean waist circumference distribution according length 
of sleep can also be seen from Figure 5. The correlation between waist circumference and 
length of sleep was 0.052 (p=0.126). 
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Figure 5. Distribution of mean weight and waist circumference according to length of sleep in 
baseline (n=851). 
 
5.4 Length of sleep and changes in anthropometric measurements during 4 and 
11 years of follow-up 
 
The baseline and the follow-up anthropometric measurements of the study subjects were 
analyzed in length of sleep groups and are provided in Table 6. 
 
It can be seen a constant growth of body mass (weight and BMI) during first 4 years of the 
research. What is interesting in this data is that there was on average 1 kilogram loss in weight 
and, therefore, BMI between 4 years and 11 years of follow-up. 
 
It seems that there was a steady increase of waist circumference and almost a linear 
association with study years. According to WHO definition, the mean waist circumference 
was normal at baseline and moderately large during following years. 
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Table 6. The mean BMI, weight and waist circumference during follow up according to 
length of sleep. 
 Length of sleep P-value* 
Characteristics <7 h 
(n=167) 
7-8 h 
(n=586) 
>8 h 
(n=92) 
Between  
groups 
Time* 
group 
BMI, kg/m
2
 
    0.421 
Baseline 26.9±3.5 26.4±3.1 27.2±3.3 0.033  
4-years follow-up 27.7±3.8 27.3±3.4 28.0±3.4 0.136  
11-years follow-up 27.6±3.9 27.3±3.5 27.8±3.7 0.322  
      
Weight, kg     0.493 
Baseline 81.1±12.2 80.2±11.3 81.2±11.3 0.532  
4-years follow-up 83.2±13.1 82.7±12.0 83.6±11.7 0.748  
11-years follow-up 81.9±13.8 81.9±12.4 82.5±12.7 0.899  
      
Waist circumference, cm     0.170 
Baseline 90.3±9.5 89.3±9.1 91.3±8.9 0.103  
4-years follow-up 94.3±10.2 94.1±9.8 95.8±9.7 0.294  
11-years follow-up 97.4±11.1 97.1±10.4 97.9±11.9 0.782  
Data are means ± SD. * P-value for a difference among sleeping groups and sleeping groups 
over a time period from the repeated measures ANOVA. 
 
Effect of time and group was assessed by repeated measures ANOVA test. There were 
changes in all anthropometric measurements from time point to time point (p=0.001). 
However, the trends were roughly the same in short, normal and long sleeper group for BMI, 
weight, and waist circumference, p=0.421, p=0.493, and p=0.170, respectively. Even after 
adjustment for age, the anthropometric variables did not appear to be significant neither 
among nor between groups in the course of time. 
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6 DISCUSSION 
 
It was hypothesized that sleep deprivation has influence on food choices and diet, and 
likelihood to gain weight in the course of time. The results of the study indicate that high BMI 
and ill-health like higher prevalence of CVD and systolic blood pressure was higher among 
men with short and long length of sleep. 
 
When compared with the dietary recommendations, we found that irrespectively of length of 
sleep the KIHD study participants’ diet was not well balanced. It had too large proportion of 
fat at the expense of carbohydrates, much greater sucrose intake and it was low in fiber. Our 
study was unable to demonstrate significant difference in macronutrient proportions and food 
consumption (except fish) among sleeping groups. However, the findings that short sleepers 
do not always follow healthy diet and lifestyle are in agreement with other reports (Cappuccio 
et al. 2008, Hu 2008, Kim et al. 2011, Moreno et al. 2006, Nedeltcheva et al. 2009, 
Stamatakis et al 2007, Taheri et al. 2004, Tuomilehto et al. 2009, Trenell et al. 2007, 
Vgontzas et al. 2008) and could be an outcome of chronic stress, in addition to alteration of 
metabolism due to short sleep. The proportion of smokers and pack-years were greatest in 
short sleepers, therefore, it is in agreement with one study (Vgontzas et al. 2008) and in 
conflict with another (Tuomilehto et al. 2009), which reported that high prevalence of 
smokers (and alcohol consumers) were  among long sleepers.  
 
Contrary to our expectations, men who slept long hours consumed the greatest amounts of 
fish, monounsaturated fatty acids, vitamin D, and mean caloric intake was lowest. However, 
they had higher prevalence of CVD and higher systolic blood pressure, which is in agreement 
with one study (Youngstedt & Kripke, 2004). However, our findings are in contradiction to 
earlier reviews reporting that CVD were more common among short sleepers (Klockars & 
Porkka-Heiskanen 2009, Taheri 2006). Mentioned morbidities among long sleepers of our 
study presumably can be explained by low physical activity of these men. Similarly, Taheri 
(2004) has reported that long sleepers have low energy expenditure due to low physical 
activity and long hours spent in bed, but not because low dietary intake. 
 
It is important to note that the relevance of normal length of sleep and healthier behavior is 
not strongly supported by the current findings. Men who habitually slept 7-8 hours in our 
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sample had the nutrition pattern with highest total energy intake and low in monounsaturated 
fatty acids and vitamin D, though high in folate. The men who slept as recommended did not 
choose fish to accompany their diet that much as short and long sleepers. 
 
Our study could not find a significant association between length of sleep and glycemic load, 
and the rates of diabetes mellitus among sleeping groups. That is contrary to reviewed 
literature which suggests that short sleepers (Rafalson et al. 2010, Singh et al. 2005, Taheri 
2006) and long sleepers (Tuomilehto et al. 2009) or both groups (Hall et al. 2008, Trenell et 
al. 2007) have insulin resistance and elevated risk to develop type 2 diabetes mellitus. 
 
As we expected, length of sleep was associated with BMI at baseline. Sleep length of less 
than 7 hours was associated with higher BMI. Sleep length of 9 hours and more seemed to be 
associated with overweight and obesity also (Figure 4). However, since there were too few 
cases in subcategories (n=9), the results have to be interpreted cautiously. Our result that short 
length of sleep is associated with higher BMI at baseline is in line with large Quebec Family 
Study (Chaput et al. 2006, Chaput et al. 2009), and a great number of other studies (Heslop et 
al. 2002, Moreno et al. 2006, Singh et al. 2005, Vorona et al. 2005). Moreover, it differs from  
results by Ohayon and coworkers (2004) who reported that long sleep has a link with lower 
BMI and Fogelholm and coworkers (2007) who published that short sleep associates with 
smaller waist circumference in men. 
 
Our population based study adds some assumptions that short and presumably long sleepers 
may suffer from obesity more often and suggest that lowest BMI was associated with 7.5 
hours of sleep, and adds to the growing body of evidence supporting this relationship 
(Adamkova et al. 2009, Magee et al. 2010, Nedeltcheva et al. 2009, Taheri et al. 2004).  
 
Overall changes in BMI, weight and waist circumference over the follow-up visits were 
relatively small among the KIHD participants. What is interesting in this study is that at 4 
years participants had gained 2.4 kg on average and at 11 years they had lost 0.9 kg, but the 
waist circumference was going upwards steadily. In normal sleepers’ weight gain and loss 
was less noticeable. It seems possible that these results are due to the changes of muscle and 
adipose tissue composition in body in life course and so older adults seem to be lighter 
comparing with middle-aged, but not thinner. Also the changes in posture of older individuals 
complement waist circumference growth. 
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We were unable to demonstrate that short and long sleepers did and normal sleepers did not 
gain weight over the time span, because BMI was different at baseline only. So believed 
normal length of sleep did not have expected long term effect on reduced likelihood to gain 
weight among Finnish middle-aged men and such findings conflict large NHANES study 
(Gangwisch et al. 2005) and other studies (Chaput 2007, Taheri et al. 2004). 
 
There are several explanations for differences in association of length of sleep with BMI 
among groups. They include already mentioned differences in nutrition and most likely 
differences in fitness. Another possible explanation for this is that eating pattern has internal 
or circadian rhythm and also more likely to change across weeks and months (Meiselman & 
MacFie 1997) and our results may be affected by the time when measurements were taken. 
On the other hand lowest BMI, higher fitness level and fewer CVD cases, lower systolic 
blood pressure of subjects who slept 7-8 hours were most likely be caused by healthier overall 
way of life. On the other hand, sufficient sleep length could have affected the above 
mentioned habits and risk factors. 
 
Current study has some weaknesses. There was quite small sample size and it lacked of 
repeated measurements of diet and lifestyle characteristics. Biochemical data on ghrelin and 
leptin were not available for deeper analysis on sleep-diet-weight association. Anthropometric 
measurements were taken by trained study nurse and most of the time by the same nurse to 
increase precision. There can be measurement errors in dietary and sleep data, because the 
data were collected using self-administrated questionnaires.  
 
The results can be confounded by changes in food availability, seasonal variation in dietary 
intake and physical activity levels over the years. It is known that seasons and inner circadian 
rhythms could associate both with nutrition and sleep duration. It is not clear whether 
participants provided researchers with the hours they actually sleep or the time they spent in 
bed. Also daytime napping which is important in sleep-weight association was not asked. 
Therefore, to assess sleep length the golden standard is polysomnography; unfortunately, it is 
expensive and discomfortable recording instrument. Actigraphy could be useful in 7 day 
recording. Also the definitions of short and long sleep were broad, therefore, weak 
associations, if at all, with anthropometric measurements were found. 
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Cohort studies are designed to examine possible association between cause and effect. Our 
population based cohort study should have been able to demonstrate association of risk factor 
such as short and long sleep and link with obesity. However, it might be biased by reverse 
causation, because not only short or long sleep leads to overweight, but also overweight 
people may suffer from insomnia or due to inflammation have long sleep. Similarly with 
nutrition; not only the changes in diet leads to weight gain but also obesity affects food 
choices. Associations found can be a result of synergistic effect of co-morbidities and 
genetics, as well. With a small sample size, caution must be applied, as any of the findings 
might not be transferable to general population.  
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7 CONCLUSIONS AND RECOMMENDATIONS 
 
Cognition of the complexity of influences on weight gain and identification of wider range of 
modifiable risk factors empower public health professionals to target health promotion and 
weight control intervention efforts where needed. Our study results are in line with recent 
suggestions that short (and possibly long) habitual sleep may be part of the causal pathway of 
obesity and other chronic diseases. This study was established in 1984 when average sleep 
length was longer than nowadays. Therefore, role of sleep in dietary intake and obesity 
control might be even more significant these days. 
 
The following conclusions can be drawn from the KIHD study. Long sleepers had lowest 
fitness level, more often had history of CVD and had higher systolic blood pressure at 
baseline. Short sleepers were heavy smokers. Overall pattern of food consumption was similar 
among sleep groups at baseline; there were differences only in the intakes of total energy, 
monounsaturated fatty acids, vitamin D and fish. Short sleepers’ diet was poor in MUFA. 
Long sleepers’ diet was rich in MUFA, vitamin D and fish, poor in folate and mean energy 
intake was lowest. Normal sleepers’ diet was poor in vitamin D and fish, rich in folate and 
mean energy intake was highest. 
 
BMI was different among three sleeping categories at the baseline. Finnish middle-aged men 
with total sleep of 7-8 hours were statistically significantly leaner compared with other two 
groups at baseline. The body shape changes during the follow up did not either differ 
significantly among sleeping groups in the KIHD study. However, length of sleep did not 
show long term effect on likelihood to gain weight. 
 
Because sleep is potentially modifiable health risk factor, these results might have important 
implications for the prevention and treatment of obesity and coronary heart diseases. With the 
intention of having healthier population, prevention of weight gain should focus on total 
caloric intake, adapting an overall healthy eating pattern, moderate physical activity and 
sufficient and adequate sleep. 
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